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Aim. To study the molecular mechanisms of action of novel anticancer antibiotic landomycin E (LE). Me-
thods. Annexin V/propidium iodide, DAPI (4',6-diamidino-2-phenylindole) staining, Western-blot analysis. 
Results. LE applied in 2 µg/ml dose (IC50), induced reactive oxygen species (ROS)-dependent splitting of
poly [ADP-ribose] polymerase 1 (PARP-1) and DNA Fragmentation Factor 45 (DFF45) proteins involved
in DNA reparation. This effect was observed 6 h after the start of treatment and it positively correlated with
phosphatidyl serine externalization (early morphological marker of apoptosis). We suggest that cleavage of 
PARP-1 and DFF45 was mediated by active caspase-7 which is a key effector caspase in the LE-induced
apoptosis in leukemia cells. We found that activation of initiator procaspase-10 (involved in receptor-
mediated apoptosis) was the earliest detected event in LE-induced apoptotic signaling pathways; however,
this activation was shown to be ROS-independent. We also demonstrated that the induction of apoptosis by
LE is accompanied by activation of apoptosis-inducing factor (AIF) in mitochondria. Conclusions. Our
data suggest that LE-induced cascade of apoptotic events is started by the initiator caspase-10 which leads
to activation of the effector caspase-7 and AIF that is known to induce caspase-independent apoptosis invol- 
ving ROS generation. 
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Introduction. Streptomyces species play a significant
role in the production of bioactive natural products,
many of which are polyketides, such as anthracyclines
and tetracylines [1]. The angucyclines are the largest
group of polycyclic aromatic polyketides with more
than 120 members that is constantly growing [2, 3].
The most characteristic feature of angucyclines is their
uniquely shaped benz[a]anthracene tetracyclic frame-
work with an angularly condensed ring [4]. The group
is rich in chemical scaffolds and various biological ac-
tivities, predominantly antitumor and antibacterial.
Yet, none of these compounds have been developed to
clinically applied drugs usually due to toxicity or solu-
bility issues [1–3]. Landomycins are the most pers-
pective group of angucyclines possessing strong anti-
neoplastic potential. 
All natural landomycins identified to date share the
same aglycon (landomycinone) and vary only in their
oligosaccharide chain, a linear glycosidic chain con-
taining only di- and trideoxysugars ( b -D-olivose and
a-L-rhodinose) [5]. They show broad activity against
many cancer cell lines with the general tendency that
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activity [6, 7]. 
The main compound, landomycin A, containing a
hexasaccharide side chain, has so far been shown to be
the most potent congener and was extensively tested by
the National Cancer Institute (USA) towards 60 se-
lected human cancer cell line panel and particularly
towards prostate cancer lines [8, 9].
Landomycin E (LE) is a novel representative of
landomycins synthesized by Streptomyces globisporus
strain 1912 growing in a soybean culture medium [10].
It contains 3 saccharide residues (a-L-rhodinose-(1 ﬁ 
ﬁ 3)-b-D-olivose-(1 ﬁ 4)-b-D-olivose) conjugated to
an angular tetracyclic quinone. Antitumor action of LE
was demonstrated against various tumor cell lines in
vitro [11] and Guerin carcinoma in rats in vivo [12]. It
was also reported that LE is able to overcome resistance 
to doxorubicin, vincristin and colchicine in cancer
cells, overexpressing various types of ABC-transpor-
ters (P-gp, MRP-1, bcrp) [13, 14]. However, molecular
mechanisms of its antineoplastic effects still require
clarification.
Flow cytometry experiments showed that lando-
mycin A specifically blocked cell cycle progression
from G1 phase to S phase (DNA synthesis) [8]. Struc-
turally unrelated anticancer drugs (e. g. bleomycin,
mitomycin C, and neocarzinostatin) possess a similar
pattern of cell cycle inhibition. However, in contrast to
many clinically useful drugs of a similar structure, like
the anthracyclines and chromomycins, landomycins do
not bind directly to DNA [4, 13, 14]. Landomycin E
whose glycosidic chain contains only 3 deoxysugars,
does not possess cell cycle specificity [14], but it
strongly impairs mitochondria functions leading to the
generation of reactive oxygen species (ROS). Never-
theless, role of mitochondria and ROS in LE-mediated
apoptosis remains poorly understood. It needs to be ex-
plained whether the LE-induced early generation of
ROS in mitochondria can trigger caspase activation, or
it is only a supplementary step in general scheme of
apoptosis induced by this drug. 
The main goal of present study was to investigate in 
more detail specific apoptotic signaling pathways
which are induced by the landomycin E in leukemia
cells. This might allow to identify potential molecular
targets of LE action in tumor cells.
Materials and methods. Landomycin E (95 % pu-
rity, according to TLC data) was prepared in the labo-
ratory of Dr. B. Matselyukh at D. K. Zabolotny Institute 
of Microbiology and Virology, National Academy of
Sciences of Ukraine. Doxorubicin produced by «Ebe-
ve» (Austria) was bought at the local pharmacy.
Human Jurkat T-leukemia cells  were obtained
from cell culture collections at R. E. Kavetsky Institute
of Experimental Pathology, Oncology and Radiobio-
logy, National Academy of Sciences of Ukraine. Cells
were cultured in RPMI 1640 medium supplemented
with 10 % fetal calf serum («Sigma Chemical Co.»,
USA), 50 µg/ml streptomycin («Sigma Chemical
Co.»), 50 units/ml penicillin («Sigma Chemical Co.»)
in 5 % CO2-containing humidified atmosphere at 37 
oC. 
For experiments, cells were seeded into 24-well tis-
sue culture plates («Greiner Bio-one», Germany). The
cytotoxic effect of antitumor drugs was studied under
the inverted microscope («Biolam-P1», «LOMO»,
Russian Federation) after cell staining with trypan blue
dye (0.1 %). N-acetylcysteine («Sigma», USA) was
dissolved in 1 · phosphate buffered saline (PBS) and
added to cell culture 30 min before addition of anti-
cancer drugs (final concentration 1 mM). Broad cas-
pase inhibitor z-VAD-fmk («BD Pharmingen», USA),
20 mM stock solution in DMSO was dissolved in cell
culture medium prior to addition to cell culture to achie- 
ve final concentration 100 µM.
FITC-conjugated annexin V («BD Pharmingen»,
USA) and propidum iodide («Sigma») double staining
was performed to detect early apoptotic events under
treatment of Jurkat cels by LE. At 1, 3, 6, 12, 24 h after
addition of LE Jurkat cells were centrifuged at 2000
rpm, washed twice with 1 · PBS, and incubated for 15
min in annexin V binding buffer («BD Pharmingen»)
containing 1/20 volume of FITC-conjugated annexin V
solution and PI (20 µg/ml). 10 µl of cell suspension was 
placed on slides. 
Cytomorphological investigations were performed
using Zeiss AxioImager A1 fluorescent microscope
(«Zeiss», Germany).
DAPI staining was performed to study chromatin
condensation in Jurkat cells at various timepoints of LE
treatment. 1, 3, 6, 12, and 24 h after the addition of LE,
Jurkat cells were centrifuged at 2,000 rpm, washed
twice with 1 · PBS, fixed in 4 % paraformaldehyde so-
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meabilized by 0.1 % Triton X-100 solution in PBS for 3 
min. After that, cells were incubated with 1 µg/ml
DAPI solution (4',6-diamidino-2-phenylindole) («Sig-
ma») for 5 min, washed twice with PBS, 10 µl of cell
suspension was added to slides and cover glasses pla-
ced. Cytomorphological investigations were perfor-
med on Zeiss AxioImager A1 fluorescent microscope.
Western blot analysis was used to evaluate expres-
sion of proteins, involved in signaling pathways of apo- 
ptosis, induced by landomycin E, and performed, as
described before [15]. Membrane was incubated with
monoclonal rabbit antibodies raised against cleaved
caspase-3, cleaved caspase-6, cleaved caspase-7, Bid
(«Cell Signaling», USA), AIF (sc-5586), Bax (sc-
6236), Bcl-2 (sc-492), Bcl-XL/S (sc-634) («Santa Cruz
Biotech», USA), caspase-9 (BD 556585) («BD Pharm-
ingen»), b-actin («Sigma»), monoclonal goat antibo-
dies against procaspase-3 (sc-1226) («Santa Cruz
Biotech») and monoclonal mouse antibodies against
caspase-2, caspase-8 («BD Pharmingen»), caspase-10
(«MBL», USA) for 12 h at 4 
oC at slow shaking. Di-
lution of primary antibodies was 1:1,000 in 5 % BSA,
0.1 % PBS-Tween, except the antibodies against b-ac-
tin diluted (1:5000) as recommended by supplier.
Results and discussion. LE was shown to be high-
ly active for all studied tumor cell lines of both epithe-
lial and mesenchymal origin, and its effect was com-
parable with that of doxorubicin and vincristin. Leuke-
mia cells were most sensitive to LE action [11]. That is
why we used human T-leukemia Jurkat cells in our fur-
ther studies. 
Phosphatidylserine translocation to the external la-
yer of the cell membrane of dying cells measured by
annexin V test is considered to be one of the earliest
hallmarks of apoptosis [16]. Landomycin E (2 µg/ml)
induced early phosphatidylserine translocation already
at 6 h after treatment of Jurkat cells, while doxorubicin
in the same concentration caused PS exposure only at
12 h after the treatment start (Fig. 1, A, see inset). Mas-
sive DNA fragmentation was measured by cytomor-
phological evaluation of apoptotic bodies and hyper-
condensed chromatine in Jurkat cells using  DAPI stai-
ning. Such fragmentation has appeared only at  12 h
both after LE and Dx treatment (Fig. 1, B, see inset).
Thus, LE induces more rapid apoptosis, than Dx, in spi- 
te of LE’s lower cytotoxic activity [11, 13, 14]. Doxo-
rubicin is classified as a topoisomerase II poison [17],
although other mechanisms of its action have been also
proposed: ROS generation, DNA intercalation, inhibi-
tion of nucleic acid synthesis [18, 19]. Thus, an induc-
tion of apoptosis by Dx can be explained by its DNA-
damaging nature, while LE may use other pathways ta-
king place more rapidly than at DNA damaging in p53-
dependent apoptosis. 
Mitochondria are perfect candidate for LE targe-
ting. ROS are overproduced by mitochondria under pa-
thological conditions, such as ionizing radiation, heat
shock or anticancer drug action [20]. ROS scavenger
N-acetylcysteine (NAC) was used to study in detail
ROS involvement in LE and Dx apoptotic signaling in
Jurkat cells.
Pre-treatment of Jurkat cells for 30 min with 1 mM
NAC restored number of live cells to control levels at 6
h and 12 h after LE treatment (P < 0,01), while at 24 h
no significant effect of NAC at IC50 concentration of LE 
(2 µg/ml) could be observed (Fig. 2). It is known, that
Dx anticancer activity also involves ROS [18], but in
our case, no statistically significant differences betwe-
en Dx-treated and Dx + NAC-pre-treated cells were
found (Fig. 2). 
Caspase-dependent signaling pathways were
studied by Western-blot analysis.
Activation of key effector caspases – caspase-3
which cleaves enzymes PARP-1 and DFF45, as well as
activation of caspase-6 which cleaves nuclear lamina,
take place only at 24 h after LE treatment of Jurkat cells
(Fig. 3). This was also confirmed by a study of expres-
sion of procaspase-3 that was cleaved only at 24 h, whi-
le at all time points from 1h till 12 h no signs of its clea-
vage were detected. However, slight activation of other
key effector caspase-7 was observed already at 6 h after
LE treatment of Jurkat cells, which perfectly  correlated 
with time-dependent cleavage of PARP-1 and DFF45
(Fig. 3). 
In contrast to LE, doxorubicin (2 µg/ml) induced
simultaneous activation of effector caspases-3 and -7 at
12 h, while active form of effector caspase-6 appeared
only at 24 h after treatment (Fig. 4). We suggest that
caspase-7 plays a key role in late stages of LE-induced
apoptosis in leukemia cells, while caspase-3 and caspa-
se-6 are not so important. 
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min led to inhibition of production of reactive oxygen
species under LE treatment and also completely blo-
cked activation of caspase-7 and cleavage of DFF45
and PARP-1 by this enzyme at 6, 12 h, and partly at 24 h 
(Fig. 3). 
However, there were no significant changes in the
levels of proapoptotic protein Bax involved in mito-
chondria-induced apoptosis (Fig. 5). Thus, one can see
that ROS do not activate Bax and, thus, their role in
LE-induced apoptosis is supplementary, but not ini-
tiative one. This can be also confirmed by absence of
changes in expression of antiapoptotic proteins of Bcl-2 
family – Bcl-XL and Bcl-2 itself (Fig. 5), which clearly
indicates that small mitochondrial proteins are not
involved in LE-induced apoptosis. NAC pre-treatment
also had no effect on their levels in target cells. Also in
case of LE cleavage of caspase-9 (key initiator caspase,
involved in mitochondria-mediated apoptosis) takes
place only at 24 h after treatment (Fig. 5) and cyto-
chrome C release from mitochondria – only at 12 h (da-
ta not shown), while effector caspase-7 was activated
already at 6 h after LE treatment. This again indicates
important, but not initiatory role of mitochondria in
these processes.
That is why FAS/CD95 receptor in plasma mem-
brane of cells can be another potential target for this
drug [21]. Since all landomycins have linear glycosidic
chain, they can interact in some way with extracellular
part of CD95 receptor or cell glycocalyx and induce
receptor-mediated apoptosis via caspase-8 or caspase-
10. This suggestion can be indirectly supported by the
results of National Cancer Institute testing of landomy-
cin A, landomycin E and landomycin D, where lando-
mycins with longer glycosidic chain had significantly
higher antineoplastic activity (see www.dtp.nci.nih.
gov). To study this hypothesis, Western-blot analysis
was performed with antibodies against initiator
caspases-2, -8, -10. 
It was found that LE (2 µg/ml, 24 h) induced clea-
vage of all tested initiator caspases, but at early stages
(6 h), caspase-10 was the only active enzyme, and its
activation was not blocked by NAC (Fig. 5). Thus,
caspase-10 is the only initiator enzyme, which is acti-
vated at earliest timepoint by LE, and its activation is
not ROS-mediated. So, caspase-10 seems to act upstre-
am of mitochondria in the LE-induced apoptosis. 
Doxorubicin is also known to induce ROS
production in target cells [18], but this effect was much
weaker than that of LE (see Fig. 2). NAC pre-treatment
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Fig. 2. Study of NAC effect 
(1 mM) on cytotoxic acti-
vity of landomycin E
(2 µg/ml – LE2, 4 µg/ml –
LE4) and doxorubicin (2
µg/ml – Dx2) towards Jur-
kat T-leukemia cells: a: 1 –
control;  2 – C + NAC
(1 mM); b: 1 – LE2; 2 –
LE2 + NAC;  c: 1 – LE4;
2 – LE4 + NAC; d: 1 – Dx2; 
2 – Dx2 + NAC;  *p < 0.05;
**p <0.01had no effect in diminishing cytotoxicity of Dx in vitro
in Jurkat cells, but partly inhibited activation of effector 
caspases-3, -7 and their cleavage of PARP-1 and
DFF45 at 12 h after Dx treatment of Jurkat cells (see
Fig. 4). No effect of NAC was observed at 24 h time-
point, which indicates subsidiary role of ROS in Dx-
induced apoptosis. It is known that Dx activates mito-
chondrial pathway of apoptosis via p53 protein or,
when it is absent (as in case with Jurkat cells where p53
is inactivated) via cleavage of small mitochondrial Bid
protein via caspase-8 [22], which was also observed in
our case (Fig. 5). Landomycin E led to Bid cleavage
only in 24 h which excludes caspase-8-Bid bridge in
apoptosis induction. This suggests principal difference
of the mechanisms of LE-induced cell death from Dx-
induced ones. 
Most anticancer drugs induce classical caspase-de-
pendent apoptosis. However, several chemotherapeutic 
drugs of clinical use and some natural agents with
anti-tumorigenic properties can also lead to caspase-in-
dependent type of cell death potentiated by specific
«backup death pathways» [23]. Broad caspase inhibitor 
z-VAD-fmk was used to find out what death pathway is
preferentially stimulated by LE in Jurkat cells. Pre-
treatment of Jurkat cells for 1 h with 100 µM of z-VAD- 
fmk attenuated Dx-induced (2 µg/ml) apoptosis for 24
h, but failed to stop LE-induced (2 µg/ml) apoptosis
measured by counting annexin V + /PI-cells (Fig. 6). 
Apoptosis-inducing factor (AIF) whose level was
significantly increased during LE-induced apoptosis
(Fig. 5), can be another candidate for key apoptotic me-
diator.
AIF was the first mitochondrial protein shown to
mediate caspase-independent cell death [24]. It was
initially characterized as a protein confined within the
mitochondrial intermembrane space of healthy cells.
During apoptosis AIF is released from mitochondria
and translocates to the nucleus, where it mediates nuc-
lear features of apoptosis such as chromatin conden-
sation and large-scale (~50 kb) DNA degradation [25].
In healthy cells, AIF plays role in oxidative phospho-
rylation and redox control [26]. Thus, AIF can generate
ROS playing role downstream in the LE-induced sig-
naling apoptotic pathways. We found a significant
increase in AIF level in Jurkat cells treated with LE
(Fig. 4), which confirms our suggestion of its role in LE 
action.
Thus, it is AIF, but not caspase-7, which seems to
play a major role at terminal stages of LE-induced apo-
ptosis. This might explain why NAC, even used for
24 h, does not stop death of LE-treated cells. NAC can
block activation of effector caspases, but not of AIF,
which itself is a source of ROS, and thus NAC pre-
treatment cannot stop AIF’s proapoptotic action. 
In conclusion, despite similar chemical structure,
doxorubicin and landomycin E use different signaling
pathways inducing apoptosis. Dx-induced apoptosis
takes place later than LE-induced one, and its first signs 
are observed only at 12 h after Dx treatment of Jurkat
cells. Dx induces apoptosis via DNA damage and mito-
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Fig. 3. Expression of effector caspa-
ses and their substrates in Jurkat T-
leukemia cells under treatment with
landomycin E (2 µg/ml – LE2; 1–
24 h): 1 – control; 2 – 1 mM NAC; 3 – 
LE2, 1 h; 4 – 1 mM NAC +  LE2, 1 h;
5 – LE2, 3 h; 6 – 1 mM NAC + LE2,
3 h; 7 – LE2, 6 h; 8 – 1 mM NAC +
+ LE2, 6 h; 9 – LE2, 12 h; 10 – 1 mM
NAC + LE2, 12 h; 11 – LE2, 24 h;
12 – 1 mM NAC + LE2, 24 hchondrial pathway, confirmed by cleavage of initiator
procaspase-8, its substrate Bid and procaspase-9 lea-
ding to subsequent downstream activation of effector
members of caspase cascade. In contrast to Dx, LE may
use CD95 receptor to activate cleavage of caspase-10
that occurs 6 h after LE treatment and is ROS-in-
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Fig. 4. Expression of proapoptotic
proteins involved in early and late
stages of apoptosis in Jurkat
T-leukemia cells under treatment
with doxorubicin (2 µg/ml, 1–24 h).
See legend to Fig. 3, drug –
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Fig. 5. Expression of initiator caspa-
ses and proapoptotic proteins invol-
ved in early stages of apoptosis in Jur-
kat T-leukemia cells under treatment
with landomycin E (2 µg/ml, 1–24 h).
See legend to Fig. 3130
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dependent process which is not blocked by NAC. Then
caspase-10 can cleave caspase-7 (6 h) which activates
mitochondria-signaling pathway accompanied by a re-
lease of AIF (6 h), ROS generation, and cleavage of
PARP-1 and DFF45 (6 h). Since broad caspase inhibi-
tor z-VAD-fmk does not block apoptosis induced by
LE even after 24 h treatment, we suggest that effector
caspases play a supplementary role at late stages of LE-
induced apoptosis, while AIF is a key effector protein
that orchestrates apoptosis network upon LE action. 
Conclusions. LE, despite lower cytotoxic activity
comparing with Dx, induces more rapid development
of apoptosis. This suggests different molecular mecha-
nisms of the cytotoxic action of LE. The results of Wes- 
tern-blot analysis indicate that LE induces apoptosis of
mixed type. At early stages of LE action, the initiator
caspase-10 involved in the receptor-mediated apoptosis 
is important, while at later stages, AIF release from
mitochondria takes place, and this leads to ROS gene-
ration and caspase-independent cleavage of DNA that
is confirmed by caspase inhibition tests. Such dual LE
action suggests that this antibiotic could be used as an
effective anticancer drug of second line of defense. This 
predicts LE ability to overcome tumor refractoriness to
treatment with anticancer drugs (e. g., doxorubicin,
cisplatin, vincristin) killing cancer cells via classic cas-
pase-dependent apoptotic mechanisms.
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Р. Р. Пан  чук
Сиг  нальні шля  хи, за  лу  чені до індукції апоп  то  зу новітнім 
ан  гу  цикліно  вим ан  тибіот  и  ком лан  доміци  ном Е 
в кліти  нах Т-лей  кемії  лю  ди  ни лінії Jurkat
Резюме
Мета. Дослідити мо  ле  ку  лярні ме  ханізми дії но  во  го про  ти  пух  -
лин  но  го ан  тибіот  и  ка лан  доміцину Е (ЛЕ). Ме  то  ди. Фар  бу  ван  -
ня клітин анек  си  ном V, йо  дис  тим пропідієм, DAPI (4',6-діамі-
но-2-феніліндол), Вес  терн-блот аналіз. Ре  зуль  та  ти. Виз  на  че  -
но, що ЛЕ (2 мкг/мл) інду  кує роз  щеп  лен  ня білків PARP-1 (poly
[ADP-ribose] polymerase 1) та DFF45 (DNA Fragmentation Fac-
tor 45), за  лу  че  них до ре  па  рації ДНК, вже че  рез 6 год після до  да  -
ван  ня до клітин  ної куль  ту  ри. Це яви  ще опо  се  ред  ко  ва  не ак  тив  -
ни  ми спо  лу  ка  ми кис  ню (АСК) і по  зи  тив  но ко  ре  лює з ек  стер-
налізацією фос  фа  ти  дил  холіну на по  верхні плаз  ма  тич  ної мем  -
бра  ни (ранній мар  кер апоп  то  зу). Роз  щеп  лен  ня PARP-1 і DFF45
здійснюється ак  тив  ною кас  па  зою-7 – клю  чо  вою ефек  тор  ною
каспа  зою  у  ЛЕ-опо  се  ред  ко  ва  но  му  апоп  тозі  в  лей  кемічних
кліти  нах. Най  ранішньою подією у сиг  наль  них шля  хах апоп  то  -
зу, спри  чи  не  но  го ЛЕ, ви  я  ви  ла  ся ак  ти  вація ініціатор  ної про  кас  -
па  зи-10, при  чет  ної до ре  цеп  тор-опо  се  ред  ко  ва  но  го апоп  то  зу.
По  ка  за  но, що  цей  про  цес  є  АСК-не  за  леж  ним. Нами  та  кож
встановле  но, що індукція апоп  то  зу ЛЕ суп  ро  вод  жується ак-
ти  вацією  апоп  тоз-інду  куючого  фак  то  ра (AIФ)  в  міто  хонд-
ріях. Вис  нов  ки. ЛЕ-інду  ко  ва  ний кас  кад апоп  тич  них подій по  -
чи  нається з ак  ти  вації ініціатор  ної кас  па  зи-10, що при  зво  дить
до под  аль  шої ак  ти  вації ефек  тор  ної кас  па  зи-7 та AIФ, який
здат  ний інду  ку  ва  ти кас  па  зо-не  за  леж  ний апоп  тоз за  участі
АСК.
Клю  чові сло  ва: зло  якісні клітини, лан  доміцин Е, апоптоз,
кас  па  зи, апоп  тоз-інду  ку  ю  чий фак  тор, ак  тивні спо  лу  ки кис  ню. 
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Сиг  наль  ные пути, учас  тву  ю  щие в ин  дук  ции апоп  то  за 
но  вым ан  гу  цик  ли  но  вым ан  ти  би  о  ти  ком лан  до  ми  ци  ном Е 
в клет  ках Т-лей  ке  мии человека ли  нии Jurkat
Ре  зю  ме
Цель. Иссле  до  вать мо  ле  ку  ляр  ные ме  ха  низ  мы де  йствия но  во  го
про  ти  во  о  пу  хо  ле  во  го ан  ти  би  о  ти  ка лан  до  ми  ци  на Е (ЛЕ). Ме  то  -
ды. Окра  ши  ва  ние кле  ток ан  нек  си  ном V, йо  дис  тым про  пи  ди  ем,
DAPI (4',6-ди  а  ми  но-2-фе  ни  лин  дол), Вес  терн-блот ана  лиз. Ре  -
зуль  та  ты. Опре  де  ле  но, что ЛЕ (2 мкг/мл) ин  ду  ци  ру  ет рас  щеп  -
ле  ние бел  ков PARP-1 (poly [ADP-ribose] polymerase 1) и DFF45
(DNA Fragmentation Factor 45), при  час  тных к ре  па  ра  ции ДНК,
уже че  рез 6 ч по  сле до  бав  ле  ния к кле  точ  ной куль  ту  ре. Это яв  -
ле  ние опос  ре  до  ва  но ак  тив  ны  ми со  е  ди  не  ни  я  ми кис  ло  ро  да (АСК) 
и по  ло  жи  тель  но кор  ре  ли  ру  ет с экс  тер  на  ли  за  ци  ей фос  фа  ти  -
дил  хо  ли  на на по  вер  хнос  ти плаз  ма  ти  чес  кой мем  бра  ны (ран  ний
мар  кер апоп  то  за). Рас  щеп  ле  ние PARP-1 и DFF45 осу  ще  ствля  -
ет  ся ак  тив  ной кас  па  зой-7 – клю  че  вой эф  фек  тор  ной кас  па  зой в 
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Fig. 6. Effect of broad caspase inhibitor z-VAD-fmk on survival of
Jurkat T-leukemia cells  under treatment with landomycin E and doxo-
rubicin (2 µg/ml, 24 h): 1 – no z-VAD-fmk; 2 – + 100 mM z-VAD-fmk ЛЕ-опос  ре  до  ван  ном апоп  то  зе в лей  ке  ми  чес  ких клет  ках. На  и -
бо  лее ран  ним со  бы  ти  ем в сиг  наль  ных пу  тях апоп  то  за, вы  зван -
но  го ЛЕ, ока  за  лась ак  ти  ва  ция ини  ци  а  тор  ной про  кас  па  зы-10,
учас  тву  ю  щей в ре  цеп  тор-опос  ре  до  ван  ном апоп  то  зе. По  ка  за -
но, что этот про  цесс яв  ля  ет  ся АСК-не  за  ви  си  мым. Нами так  -
же уста  нов  ле  но, что ин  дук  ция апоп  то  за ЛЕ со  про  вож  да  ет  ся
ак  ти  ва  ци  ей апоп  тоз-ин  ду  ци  ру  ю  ще  го фак  то  ра (АИФ) в ми  то -
хон  дри  ях. Вы  во  ды. ЛЕ-ин  ду  ци  ро  ван  ный кас  кад апоп  ти  чес  ких
со  бы  тий на  чи  на  ет  ся с ак  ти  ва  ции ини  ци  а  тор  ной кас  па  зы-10,
что при  во  дит к даль  ней  шей ак  ти  ва  ции эф  фек  тор  ной кас  па -
зы-7 и АИФ, ко  то  рый спо  со  бен ин  ду  ци  ро  вать кас  па  зо-не  за  ви -
си  мый апоп  тоз при учас  тии ак  тив  ных форм кис  ло  ро  да.
Клю  че  вые сло  ва: зло  ка  чес  твен  ные клет  ки, лан  до  ми  цин Е,
апоп  тоз, кас  па  зы, апоп  тоз-ин  ду  ци  ру  ю  щий фак  тор, ак  тив  ные
со  е  ди  не  ния кис  ло  ро  да. 
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